We calculate a mass of a quintessence particle of order 10 −5 eV and we find several solutions for quintessence field equation. We consider also a quintessence speed of sound in several schemes. ½
In this paper we consider several consequences of the Nonsymmetric Kaluza-Klein (Jordan-Thiry) Theory. We consider a value of a mass of quintessence particle, several interesting relations among energy scales, radiation density in the second de Sitter phase. We find a spatial dependence of a quintessence field (and an effective gravitational constant G eff ) in a case of spherical-statical symmetry, cylindrical-statical symmetry, flat-static symmetry. We find a time dependences of a quintessence field (with no spatial dependence). We get a solution for a quintessence field (a travelling wave) and two-dimensional wave solution applying those solutions for G eff . We propose some kind of statistical approach to our results. We calculate a speed of sound for a quintessence field.
Let us consider a value of mass of a quintessence particle (a scalar particle) (see Ref. [1] ) obtained from Nonsymmetric Kaluza-Klein (Jordan-Thiry) Theory (see Ref. [2] ): 
(see Eq. (79) from Ref. [1] ). The value of this mass has been obtained by this particle during the second de Sitter phase. Moreover during our contemporary epoch it is the same. The parameters n, γ and β are defined in Refs [1] , [2] . During the second de Sitter phase a cosmological constant has been calculated in Ref. [2] and one finds λ c0 = 6H 2 1 = 2|γ| (n+2)/2 n n/2 β n/2 (n + 2) (n+2)/2 .
The value of a cosmological constant remains the same during our contemporary epoch. H 1 is a Hubble constant during the second de Sitter phase (see Eq. (8) of Ref. [1] ). Thus for our contemporary epoch one gets
In this way we can connect the value of a cosmological constant of our contemporary epoch to the value of a mass of a quintessence particle. From recent observational data we get λ c0 = Λ = 10 −52 1 m 2 .
Moreover in order to get a correct dimension for a mass we should add a factor withh and c (now we abandon the system of units withh = c = 1). One gets
Using the value of λ c0 one finally gets m 0 ≃ n(n + 2) · 0.17 · 10 −39 g (5) or m 0 ≃ n(n + 2) · 0.95 · 10 −5 eV.
For example, if we take n = 14(= dim G2), one finally gets m 0 ≃ 14.2 · 10 −5 eV.
This value is bigger than that considered by different authors. Moreover, still sufficiently small. The particle interacts only gravitationally and because of this it is undetectable by using known experimental methods. Taking a density of dark energy as 0.7 of a critical density, ρ c = 1.88h 2 · 10 −29 g cm 3 ,
one gets a number of quintessence particles per unit volume n = h 2 n(n + 2) · 1.31 · 10 10 1 cm 3 (8) where h is a dimensionless Hubble constant 0.7 < h < 1. Taking n = 14 and h = 0.7 one finally gets n = 4 · 10 8 1 cm 3 (8a) which is many orders of magnitude smaller than Loschmidt number. Thus a gas of quintessence particles is not so dense from the point of view of our earth conditions. However, if this number of particles per unit volume is considered in a container of size 200 Mpc, the gas can be considered as extremely dense.
In order to settle-is this gas dense or not-we should calculate a mean scattering length. The scattering cross-section for a quintessence particle σ = 1 λ c0 = 10 52 m 2 .
( * )
A mean scattering length
where n is a number of quintessence particles per unit volume (Eq. (8a)). One gets l = 10 −60 m. ( * * * )
It means that a gas of quintessence particles is extremely dense (if we apply the Knudsen criterion-a gas is dense if l ≪ L, where L is the size of the container) even in the Solar System. Let us consider the Eq. (111) from Ref. [3] which connects several scales of energy and gives an account of the smallness of gravitational interactions in our theory. We rewrite this equation in the form
where m EW is an electro-weak interactions energy scale. Taking
and eventually one gets
Taking m EW ≃ 80 GeV and m pl ≃ 2.4 · 10 18 GeV one gets κ ≃ 6.19 (13) ¿ which is very reasonable for it establishes a relation between two cosmological terms γ and β as of the same order. Simultaneously this is a consistency condition for our model with energy scales (the 6-dimensional Planck's mass is equal to m EW ). In this way we can calculate a mass of a quintessence particle for our contemporary epoch from Eq. (1) m 0 = 2 · 10 15 eV · | P | 1/2 .
This gives us an estimation for | P | and R( Γ ):
where α em = 1 137 is a fine coupling constant. Using Eq. (13) and values of m pl and m EW one gets R( Γ ) = 24.75 · 10 −31 | P |.
From Eq. (14) and Eq. (6) one gets
and
Moreover in our simplified theory we have
and µ should be very close to the root of the polynomial
From (18) and (19) one gets
Thus µ is very close to the 70-digit approximation of the root of the polynomial (20) (W (µ) = 0.1 · 10 −67 ). Due to this we can control the cosmological terms.
In the case of | P | we have the formula (28) from Ref. [1] and one gets
Thus one gets from (17) and (23-24) ε ≃ 2 · 10 −40 .
Thus we need an approximation of ζ 0 up 40-digit arithmetics. We see that cosmological terms coming from the Nonsymmetric Kaluza-Klein (Jordan-Thiry) Theory are very small, but not zero, and that they are easily controllable by µ and ζ parameters. Let us consider a self-interaction potential for a quintessence field for our contemporary epoch (which is the same as for the second de Sitter phase). One gets from cosmological terms λ c0 (Ψ )
where λ c0 is a cosmological constant for our contemporary epoch and
For λ c0 is very small (10 −52 1 m 2 ), this interaction is very small. For n = 14(= dim H = dim G2) one gets
Even in the potential U (q 0 ) we have exponential terms, the strength of the interactions is negligible for small value of q 0 . The interesting point in our theory is the effective gravitational constant (depending on a scalar field Ψ ). Let us describe it by a quintessence field q 0 . One gets
After some calculations one finds
It is easy to see that the rôle of a Newton's constant G N is played by
This is the reason that we put a constant G 0 in the formula (30). One gets
For
one gets
or
Let us connect to G 0 a new Planck's mass m 0 pl . In terms of this mass and ordinary m pl mass one gets
or 
(40)
Moreover we can connect unknown constant G 0 (m 0 pl ) with an energy scale of electroweak interactions m EW in a way suggested in Ref. [3] and developed here in this paper.
It is enough to use the formula (10) and we get
If we take for λ c0 the known value of the cosmological constant (Eq. (4)) for l pl = 4 · 10 −32 cm and κ = 6.19 we get
Moreover we see that µ must be very close to the root of the polynomial 2µ 3 + 7µ 2 + 5µ + 20 (see Ref. [3] ) and we get
If we take 70-digit approximation of the root of the polynomial (20) and considered value of W (µ) (Eq. (18)) obtained here, we get m 0 pl = 4.6 · 10 64 m EW
or m 0 pl = 4.6 · 10 64 m EW m pl m pl = 1.5 · 10 48 m pl = 3.2 · 10 43 g = 1.6 · 10 10 M ⊙
where M ⊙ = 1.99 · 10 33 g is a Solar mass. (This is the mass of our Galaxy.) Moreover the present critical density of matter in the Universe is
So we can find a volume containing m 0 pl . One gets
Thus the size of this volume is of order
Taking under consideration the fact that our calculations are quite rough (for example κ could be bigger a little, or W ( µ) a little bigger), we come to the conclusion that m 0 pl is of order of the mass of our visible Universe (a volume of size of 200 Mpc). In this way it seems natural to suppose that
where M U is the total mass of the visible Universe. However, this intriguing conjecture demands many investigations. Moreover it is in a real spirit of Dirac's large number hypothesis and can give a link between cosmology and fundamental interactions theory. Thus if we suppose (49) we get
Let us come back to the equation for an effective gravitational constant (Eq. (32)):
q 0 -a quintessence scalar field-possesses a mass and because of this it has a finite range with Youkave type behaviour
where r 0 = 2 n(n + 2) √ λ c0 and α is a positive constant (53) or taking for n = 14 and for λ c0 Eq. (4),
The formula (52) is valid for R ≃ r 0 . Thus we cannot observe scalar gravitational radiation from closed binary sources and the quadrupole radiation formula is satisfied for a gravitational field. Moreover for R < r 0 we should take under consideration a full self-interaction potential of a field q 0 (Eq. (29)). Moreover, because of the constant λ c0 in front of the formula (29) this is negligible. Because of this we can repeat some considerations from the first point of Ref. [2] coming back to the field Ψ and consider different sources of mass for this field due to interaction with the matter. In this way in both cases
However, we can expect some small effects on short distances. Let us notice that in the previous approximation we consider a weak field, it means |q 0 | ≪ 1. This is different from small field. A small field considered below is such that q 0 is small in a usual sense. It is negative. Moreover it can be big in the sense of the absolute value.
Let us calculate a radiation density in the moment when the second de Sitter phase starts. It means the radiation released after the phase transition. One gets
Using Eqs (1a) and (8a) from Ref. [2] one gets
The density ρ r is of course an effective radiation density, because we adsorbe into ρ r a factor with an effective gravitational constant. In our simplified model we get
In the formulas (59-60) we should put mÃ = m EW and α 2 s = α em = 1 137 . Let us notice that Λ is our contemporary cosmological constant given by (4) . It gives a scale for ρ r .
The functions g(ζ, µ), h(ζ, µ), H(ζ, µ) are given by Eqs (40), (41a), (41b), (42) from Ref. [1] . The numerical factor in front of Λ can be calculated and we get
The calculated radiation density evolves in time according to the theory developed in Ref. [4] .
In order to find some influence of q 0 (quintessence) field on the value of the effective gravitational constant we consider a field equation for the scalar q 0 field in empty space. One gets
Let us consider a static, spherically symmetric case. In the spherical coordinates one gets
where q 0 = q 0 (r) is a function of r only. In order to treat this equation it is easier to come back to the old variable ϕ = βq 0 (see Eq. (28)). One gets
½¼
We change the independent variable r into τ
We consider Eq. (69) in two regions: 1) for small fields ϕ, 2) for large fields ϕ.
In the first region we get
In the second region we get
Let us notice that both equations have similar nature and can be reduced to the equation 1
where in the first region ε = 1,
and in the second region ε = −1,
We can transform (74) into
which is the celebrated Emden-Fowler equation known in the theory of gaseous spheres (see [5] ). Let us notice that the first region (small fields) means large distances and the second region (large fields) means small distances.
In this way we should consider Eq. (79) in the region of small and large x. In the case of ε ε = 1 the equation (74) has an exact solution
Let us apply this to both regions (remembering that ε in both cases has a different sign). One gets in the first region
In the second region
In this way we get an interesting prediction for the behaviour of the strength of gravitational interactions. In this very special solution G eff is going to zero if r → 0 and to infinity if r → ∞.
Let us come to Eq. (79) supposing ε ε = −1. Thus we get
Using an exact solution (80) we write
½¾ and consider Eq. (85) for large x.
In this way we get an approximate solution (given by Chandrasekhar [5] )
where η = x δ , A and δ are integration constants, δ > 0. In this way we get in the first region
where A is a constant (|A| ≪ 1) and
G eff is given by the formula (82).
where A is a constant (|A| ≪ 1), G eff is given by the formula (84) and
In this way we have very interesting non-Newtonian behaviour of G eff for large distances. Let us notice that the length scale is completely arbitrary, because it is given by an integration constant δ. Let us consider Eq. (63) in cartesian coordinates supposing flat symmetry for a quintessence field q 0 = q 0 (z, t) (nonstatic). One gets
Let us change dependent and independent variables to ξ, η, ϕ:
½¿ One gets
Eq. (93) is an equation for flat scalar (quintessence) waves in our theory. Let us consider it for large and small field ϕ (as before).
In this way one gets the equation
where in the region of small field ϕ we have ε = 1 and
and in the region of large field ϕ, ε = −1 and y = (n + 2)ϕ (98)
Eq. (94) The general solution of (94) looks like (ε ε = −1)
where g ′ and f ′ are derivatives of g and f . Thus one gets in the first region (small field)
In the second region (large field)
In this way we get a spatio-temporal pattern of changing the effective gravitational constant for small and large field regions. In both cases we have ε ε = −1. However, in the small field region we have ε = 1 and because of this ε = −1. In the case of large field region ε = −1 and ε = 1. In order to be in line with our assumptions we should consider in the first case such functions f and g that the expression in (105) is small and for the second case vice versa.
Let us consider Eq. (63) in cylindrical coordinates supposing cylindrical symmetry for the field q 0 , q 0 = q 0 (ρ). One gets
This equation can be transformed into
As usual we consider Eq. (109) in two regions for small and large fields.
In the first region 1 τ
½ Both equations can be reduced to the equation
where in the first region ε = 1 and
and in the second region ε = −1 and y = (n + 2)ϕ (116)
We can transform (113) into
which is the equation considered in [6] . Following H. Lemke we write down a solution to Eq. (118) in a compact form in three cases (concerning an integration constant introduced by H. Lemke). We adopt his solutions to our problem. 1) C = κ 2 > 0, κ-arbitrary positive number:
where a > 0 is an arbitrary constant. 2) C = −ω 2 < 0, ω is an arbitrary positive number:
where δ is an arbitrary constant. 3) C = 0:
where a > 0 is an arbitrary constant. Using these solutions we write down a spatial dependence of G eff in the case of small and large fields. In the case of small fields one gets 1) G eff = G N 4κ 2 a 2 (n+2)/n 1 + r 2n 2(n+2)/n r 2(κ−1)(n+2)/n (122)
2) G eff = G N (δ) 2(n+2)/n (ω 2 ) (n+2)/n r 2(n+2)/n sin(ω ln r)
3) G eff = G N a 2(n+2)/n r 2(n+2)/n (ln r) 2(n+2)/n (127) and r is given by Eq. (123).
In the case of large field one gets:
where r = 1 2a (n + 2)λ c0 ρ.
2)
where r = 1 2δ (n + 2)λ c0 ρ, ln δ = − δ ω .
3)
and r is given by Eq. (129). Let us notice that in that spatial dependence for large and small field we have κ and a (δ, ω) as integration constants. In this way integration constants induce a power law of this dependence and also a scale. For sufficiently big n (n > 14) there is no significant difference between both cases. It means the quintessence field behaves everywhere as for large field case (in these solutions of course). It is evident that the spatial dependence (in cylindrical symmetry case) of G eff goes to some kind of the fifth force. However, we have to do not with a universal law of Nature but rather with some kind of initial conditions. Thus the real dependence of G eff on spatial coordinates can ½ be obtained after averaging G eff with respect to initial conditions. Let us describe it using Eq. (128).
Let us write G eff in a form where κ and a are explicitly visible:
The constants a and κ are chosen randomly for they are dependent on initial conditions. Let µ be a measure defined on (0, +∞) 2 , positive and normalized to 1, i.e. 
This measure gives an account how frequently we have to do with some initial conditions (i.e. with integration constants a, κ). In this way an experimental dependence of G eff on x should be obtained from
It means it is an expectation value of G eff with respect to the measure µ. µ need not be absolutely continuous with respect to the Lebesgue measure on R 2 . The formula (136) could give an account on some serious problems with comparisons of several measurements of G (a Newton constant). Maybe we have to do with different initial conditions for quintessence field. These initial conditions appear with different probabilities according to the measure dµ(a, κ) going to an expectation value E(G eff ). The second central moment of dµ(a, κ) (if it exists) can express a deviation from the law described by E(G eff ).
In the simplest case we can suppose a continuous gaussian distribution for κ only:
In this case we have
x a 2(κ−1)
.
(136a)
½ One gets after some algebra
In the case of the solution (107) parametrized by two functions of one variable we can consider them as random variables parametrized by z and t. Moreover in this case we should consider a measure µ on an infinite-dimensional space of functions f and g, supposing that solution (107) is generalized to this space. Afterwards we can use as µ the Wiener or Gaussian measure in L 2 space. If we use for gaussian distribution the normalized distribution N (0, 1), the formula (136b) simplifies to
Let us consider three our cases (119), (120) and (121) for small and large fields cases.
The small field case is such that
The large field case is if e ϕ > 1, i.e. ϕ > 0.
For (119) we have for the small case
Let us consider two cases 0 < κ < 1 and κ > 1. The function f (r) has a minimum at
Let us calculate f (r 1 ).
It is easy to see that if κ > 1, then κ − 1/κ > 0. This means that
and therefore f (r) > 1 for all r > 0. Thus simultaneously we get a solution for large field only if κ < 1, i.e. r < r 0 .
If κ = 1, we always have f (r) ≥ 1 (i.e. only a small field). Let us consider (120). In this case the small field condition reads
First of all we need h(r) > 0. Let us observe that |h(r)| ≤ r for every r > 0. Next we see that the roots of h(r) are the numbers r 0,k = e kπ/ω , k = 0, ±1, ±2, . . .
and h(r) > 0 if r 0,2k < r < r 0,2k+1 , k = 0, ±1, ±2, . . .
The maximum of the function h(r) in the interval (r 0,2k , r 0,2k+1 ) is greater than h(r 0,2k+1/2 ) = e 2kπ/ω · e π/(2ω) ,
but smaller than r 0,2k+1 . Thus the maxima are smaller than 1 for negative k and greater than 1 if k = 0, 1, 2, . . . . It means that in each interval (r 0,2k , r 0,2k+1 ), k = 0, 1, 2, . . . , there exist two numbers r 3,2k and r 2,2k such that r 3,2k < r 2,2k , h(r 3,2k ) = h(r 2,2k ) = 1 (148) and
The condition for large fields, 0 < h(r) < 1, is satisfied if
or r 0,2k < r < r 3,2k , or r 2,2k < r < r 0,2k+1 , k = 0, 1, 2, . . .
In the third case, i.e. Eq. (121), one has for the small field case r ln r > 1 (152) where r = x a . Let r 4 ln r 4 = 1, r 4 > 1. We have r > r 4 = 1.7632 . . . . In the large field case 0 < r < r 4 = 1.7632 . . . .
Thus we have in general large fields on large distances. Let us consider Eq. (63) in two special cases: I q 0 = q(z) -static and depending only on z; II q 0 = q 0 (t) -non-static and spatially constant.
Let us consider also these cases for small and large fields ϕ. In all of these cases we come to the following equation
where ε 1 = 1 for case I and ε 1 = −1 for case II. Eq. (154) can easily be reduced to the integral
where η = ε 1 ε ε, η 2 = 1, C = 2ε 2 ω 2 , ω ≥ 0, ε 2 2 = 1 is an integration constant, ε 2 3 = 1 and x 0 also is an integration constant.
After some calculation we get the following solutions:
C.
Let us apply these solutions to our problems. First of all let us consider a static configuration with z dependence only. In this case ε 1 = 1 and η = ε ε. For the small field case one gets, ε = 1, η = ε,
For the large field case we get, ε = −1, η = − ε,
where p = ω(z − z 0 ) 4 (n + 2)λ c0 .
In this case ε = 1 for η = −1.
In a nonstatic configuration ε 1 = −1 and η = −ε ε. For the small field case (ε = 1), η = − ε,
and analogically for the large field case (ε = −1), η = ε,
In this case ε = −1 for η = −1. Let us notice that in a static configuration for small field we have two possibilities for η = −1 (no condition on p) and η = 1 (conditions (158-159)). Thus without conditions we have ε = −1 and with conditions ε = 1. In a non-static configuration for small field we have vice versa ε = 1 without conditions and ε = −1 with conditions (158-159).
Let us come back to the Eq. (89) and consider it in a travelling wave scheme. In this way we have q 0 (z, t) = q(z − vt)
where v is a velocity of the travelling wave (a soliton), |v| < 1. Let us consider this equation in both regimes (for small and large fields). In this way we come to the expression
where χ is a shape function of a soliton. Changing an independent variable from ξ to λ one gets
In this way we adopt our solutions A, B, C in both regimes: small and large field (changing χ into λ). For small field we get (ε = 1, η = − ε)
where p = ω nλ c0
For large field we get (ε = −1, η = ε)
where p = ω (n + 2)λ c0
For (173) we have η = − ε and because of this ε = 1 without any conditions and if ε = −1 we have conditions (158) (159) . In the case of the formula (174) η = −1 and ε = −1.
We can write down formulas for G eff in the soliton case
and p is given by the formula (174) (with or without conditions (158-159) ). This is of course a small field case.
In the large field case
and p is given by the formula (176). In this case ε = −1. (Let us notice that this is a case of SO(3) group in our theory.) Let us notice that conditions (158-159) can be considered as conditions for small field in z or t domains. Let us notice that in our solutions concerning a behaviour of an effective gravitational constant we get completely arbitrary length or time scale (given by integration constants). In this way a spatial or time dependence of G eff can be (except the solution (80) and simultaneously the approximate solution in the case of spherical symmetry) such that G eff can be really constant on distances (or times) accessible in experiments. Only a statistical approach mentioned here can give a light on this dependence to compare it with an experiment.
In order to connect our results to the ordinary gravitational physics we consider again Eq. (67) in small field regime for initial conditions ϕ(0) = 0 and dϕ dx (0) = 0. The first condition means that we want to have G eff (0) = G N and the second that the quintessence field does not grow quickly. The problem cannot be solved analytically. Moreover R. Emden in the first point of Ref. [5] did it for us. We quote here his results adopted to our notation (ε = +1 and ε = −1). 
We take n = 14.
It is easy to see that for large n
It is easy to see that on a distance of 1 Mpc G eff does not differ from G N . Even on a distance of 10 Mpc it is about 10% smaller. Thus in the Solar System Newtonian gravitational physics does not change. Even on the level of a galaxy this change is minimal and cannot be observed. Moreover, there is an important conclusion: on distances about 200 Mpc the strength of gravitational interactions is about 10 −5 times this on short distances measured in the Solar System. It is hard to tell how it influences a mass of a cluster of galaxies if we realize that from any observational data only a product GM has been obtained (not M ).
From the other side on distances of 100 Mpc the strength of gravitational interactions is very weak (not only because of the distance). Thus if we consider clusters of galaxies as substrat particles in cosmology then they do not interact.
Let us consider Eq. (63) in cartesian coordinates for two-dimensional static case (i.e. ∂ ∂z = 0, ∂ ∂t = 0). One gets
(where α, β are given by formulas (64) and (65)).
As usual, we come to the formula
We consider Eq. (183) for small and large fields and we get
where as usual for a small field ε = 1 and
and for a large field ε = −1 and
Thus we come to the equation known as Liouville equation
if ε ε = 1. This equation can be explicitly solved. First of all we change independent variables into
where g is an arbitrary analytic function on a complex plane Z.
In this way we get for the small field case
where
Eqs (191) and (193) can have very interesting behaviour for dg dZ could have some singularities. The physical interpretation of these singularities can be very interesting.
Similarly as for Eqs (104) and (107) we can consider an expectation value of G eff with respect to some kind of normalized measure for a space of analytic functions on the complex plane (respectively chosen).
It seems that an assumption all the energy of a quintessence is stored as quintessence particles is unrealistic. Let us suppose that only a fraction of this energy is stored as particles. Let this fraction be η,
η can be a function of time and even of a space-point (locally). Let us suppose that a gas of quintessence particles is a perfect gas governed by the Clapeyron equation. Thus we have
(if we take m 0 ≃ 10 −5 eV). T is the temperature of a gas. One gets
Eventually one gets
Now we can calculate an isothermic speed of sound in quintessence.
Let us remind to the reader that an isothermic sound is appropriate for low frequency of acoustic waves (we have to do with this sound in astrophysics). In general we have to do with so called adiabatic sound. In order to calculate a velocity of an adiabatic sound in quintessence we should find an analogue for a Poisson adiabate for our equation of state. One gets supposing that an internal energy of a quintessence is an energy of one-atomic gas of quintessence particles dU + p dV = 0 (205)
and finally
and a velocity of an adiabatic sound simply reads
It is interesting to ask what kind of a polythrope κ represents. Let us remind to the reader that in general
where c is a specific heat of a polythrope in mind. One gets in our case
where R is a universal gas constant. Thus we found both velocities of sound in a quintessence for low frequency and for high frequency of sound. The measurement of both velocities can help us to find η and T . One gets η = 3 2
Let us notice that a gas of quintessence particles is quite cold (T ≃ 50 • K). Moreover these particles are highly relativistic. For the temperature T ≃ T 0 = 0.11 • K one sees that a velocity of a quintessence particle is about 0.91 of the velocity of light. Moreover we can consider lower temperatures. It is interesting to notice that the velocity of sound is of the same order. Thus if we want to have both velocities 0 < C 2 i < 1, i = 1, 2,
we get
The condition t = T T 0 > 13 (217) guarantees that f (t) < 1. Moreover for t = 14 one gets η ≥ 0.96357.
This seems quite interesting, however maybe too much. Let us calculate a mean scattering length of quintessence particles for such a big η = 0.96357 l scattering = 1 ησn = 1.0378 · l.
We have still to do with a very dense gas of quintessence particles. It seems that it would be reasonable to repeat these calculations using a different equation of state for quintessence particles gas. In particular we can consider a gas of quintessence particles as a massless boson gas (with spin zero). In this case the equation of state looks:
and an adiabate equation 
We have as before two kinds of sound: an isothermic sound
From 0 < C 
This condition guarantees that f (t) < 1
where T 4 0 = 3 4σ or
K B is the Boltzmann constant. From the measurements of C 1 and C 2 we can obtain as before η and T . One gets:
Recently many papers have appeared concerning the speed of sound of a quintessence (see Ref. [7] ). In some of them the authors propose to measure this velocity. There are interesting propositions to include primordial gravitational waves to fluctuations of a quintessence and vice versa. We shall examine all of these problems in our future papers.
¿¼

Conclusions
In the paper we consider a mass of a quintessence particle, a speed of sound of a quintessence and several solutions to quintessence equations coming to the interesting behaviour of an effective gravitational constant. Some of issues of our theory are considered in self-interacting Brans-Dike theory [8] .
The fraction η can be connected with the part of an energy density of quintessence field Q in such a way that it is a fraction of fluctuation energy density around an equilibrium Q 0 . In this way the q 0 field which can evolve due to an evolution of Q and due to fluctuations of primordial gravitational waves will be a source of a gas of thermalized particles. It seems that an approach with a boson equation of state is more appropriate to consider.
